Robert Koch (1882) made the first recorded microscopic study on growing cultures of M. tuberculosis, and noted that the organisms formed characteristic serpentine cords at a very early stage in multiplication. Similar appearances have since been described by other observers using a variety of different microculture techniques, in particular by Wright (1924) , who suspended tubercle bacilli in blood and incubated the mixture in capillary tubes. This method was used in the first microculture studies on the sensitivity of M. tuberculosis to drugs (Fry, 1926; Hesse, Meissner, and Quast, 1928) . In 1932 Corper showed that the growth of M. tuberculosis in fluid cultures could be detected at a very early stage by the appearance of bacillary fascicles in smears made from the deposit at the bottom of upright culture tubes. Pryce (1941) prepared smears of tuberculous sputum on glass surfaces, incubated these in saponin-lysed blood, and showed that similar microscopic evidence of multiplication could be found in a few days. The growth of contaminants was checked by treatment with dilute acid before incubation. Two important simplifications were introduced by Rosenberg (1943) , who used halfslides for preparing smears and replaced lysed blood by Kirchner's (1932) serum-synthetic medium. This technique was used by Muller (1944) in studying the sensitivity of the tubercle bacillus to sulphonamides and other compounds. Inhibition was assessed by comparison with a set of standard smears that had been fixed after varying periods of incuba.ion in a drug-free medium. The first antibiotic examined in this way was penicillin (Iland, 1946) . From 1949 onwards a nuwrber of papers appeared on the use of slide cultures of sputum to determine the sensitivity of the tubercle bacillus to streptomycin or p-aminosalicylic acid (Bernard and Kreis, 1949a, b; Cummings and Drummond, 1949; Gernez-Rieux, Sevin, and Chenet, 1949; Jensen, 1949; Paraf and Desbordes, 1949;  Rubbo, Woodruff, and Morris, 1949; Sievers, 1949; Badoux, 1950; Cummings, Drummond, and Schwartz, 1950; Dissmann and Iglauer, 1950a, b; Freour and Huet, 1950; Pugh, Jones, and Martin, 1950; Rubbo and Morris, 1951 ; Stangl, 1951 ;  Koenigstein, Cheng, Koenigstein, and Suen, 1951; Uyeda, Yamada, and Okada, 1951) . Apart from minor modifications the technique has remained similar to that described by Rosenberg (1943) , except that many different culture fluids have been advocated. Opinion is divided mainly between the use of partially d&fined media of the kind proposed by Kirchner (1932) or Dubos and Noufflard (1950) Kreis, 1949a; Sievers, 1949; Rubbo et al., 1949) Pugh et al. (1950) abandoned the use of the method on this account.
As a diagnostic method, culture on slides is certainly inferior to the orthodox method of digestion followed by culture on solid medium, and is probably little more effective in detecting tubercle bacilli than a carefully made direct smear (Oeding, 1951) . Cummings (1951) These were boiled in dilute acid, washed with hot, soapy water, rinsed well, dried on a linen cloth, and stored in screw-capped jars.
To prepare a set of cultures from suitable sputum 10 half-slides were marked in pairs with a diamond, according to the concentration of streptomycin in which they would finally be incubated. Two additional slides were marked to serve as fixed controls. The 12 marked slides were flamed thoroughly and set to cool in a sterile 6-in. petri dish, supported on two pieces of 2-mm. glass rod. Each slide in turn was smeared for about two-thirds of its length with sputum from a small pool of selected particles and returned, smear uppermost, to its place in the dish.
Fine-pointed forceps were used for handling the sputum. After drying for 20 min. at 360 C. the smears were covered with 12% (v/v) sulphuric acid A.R. by running about 100 ml. of acid directly into the dish. After five minutes the acid was aspirated into a stout 3-litre flask containing 100 ml. of commercial formalin. About 100 ml. of sterile saline was then run into the dish. Three changes of saline were made in this way at 5-min. intervals. Corresponding pairs of slides were then placed back to back in tubes of medium containing streptomycin in appropriate concentrations. The two smears designated as fixed controls were removed at this stage, dried, and then heatfixed. The culture tubes were placed in a 36' C. incubator on a simple rack which held them at an inclination of 20' to the horizontal. In this way a small volume of medium covered the greater part of each slide and exposed a considerable surface to the air inside the tube. Preliminary trials showed that there was no loss in volume during incubation, and no appreciable decline in the streptomycin titre.
Basal Medium.-The basal medium was prepared according to the formula of Dubos and Noufflard (1950) : KH2P04 (anhydrous). 1.0 g. Na2HP04.12H20.-6.3 g. A sparagine.-2.0 g. These substances are heated to dissolve in 100 ml. distilled water and then the following are added:
Enzymic Digest of Casein (Difco).-10 ml. of 5% solution (0.5 g.).
Ferric Ammon. Citrate.-I.0 ml. of 5% solution (0.05 g.).
MgS04.7H20.-L.0 ml. of l'o solution (0.01 g.). Calcium Chloride.-I.0 ml. of 0.05°h solution (0.0005 g.).
ZnS04.7H20.-1.0 ml. of 0.01, solution (0.0001 g.).
CuSO4.SH20-1.0 ml. of 0.01°, solution (0.0001 g.). Distilled Water.-850 ml.
The pH is adjusted to 6.6, and the medium is distributed in 4.4-ml. volumes in metal-capped 150 x 15-mm. rimless hard-glass tubes, and autoclaved for 10 min. at 10 lb./in.2 All component solutions were made in distilled water.
The ferric ammonium citrate solution was prepared freshly on each occasion.
Two supplementary solutions had to be prepared separately and added in appropriate quantities to each tube of basal medium just before use. The first was prepared of 5000 glucose in M-100 citric acid sterilized by autoclaving at 5 lb./in.' for 10 min. The second was on oleic acid-albumin complex. Bovine plasma fraction V (Armour) was prepared as a 5%O solution in physiological saline and the pH was adjusted to 6.8 to 7.0. Then 0.12 ml. of oleic acid was dissolved by gentle shaking in 10.0 ml. of N/20 sodium hydroxide, and 5.0 ml. of this solution was added to 95 ml. of the 5%°bovine plasma albumin. The mixture was sterilized by filtration, distributed in 10-ml. lots, taking care to preserve sterility, and finally heated to 56°for 30 min. to destroy natural lipases.
Culture tubes were prepared for use by adding to each 0.5 ml. of the oleic acid-albumin solution, 0.05 ml. of 50% glucose solution, and appropriate amounts of stock solution of streptomycin to give final concentrations of 1.0 iLg. per ml. and 10.0 Pxg. per ml. (Fisher, 1950) and finding from tables the probability (P) that this value would be exceeded by chance. Differences were regarded as significant when P was not greater than 0.01. n-I -6
n--I 6
n-l-6
An example based on the figures given in Furthermore, the directness of the method avoids that element of selection inherent in all techniques that require isolation of a strain as a prelude to the testing of cultures grown from individual colonies. Every act of isolation on artificial medium implies some degree of adaptation, and this is known in certain instances to relate to drug sensitivity (Lacey, personal communication) . It may also be observed that strains from different foci in the same patient may vary widely in their sensitivity (Canetti and Saenz, 1951) .
A third important feature of slide culture is that there are no restrictions upon the composition of the medium used. In particular, it is possible to omit surface-active agents intended to promote dispersed growth. Attention has already been drawn to two strains in the series reported here that resisted higher concentrations of streptomycin on slide culture in Dubos basal medium than when tested in tubes of Dubos Tween 80 medium. In 1947 Kirby and Dubos reported a similar phenomenon when testing the penicillin sensitivity of tubercle bacilli. The same effect in relation to streptomycin was described and analysed by Fisher (1948a, b) . These original observations have since been confirmed and extended to include other substances (Hauduroy and Rosset, 1948; Suter, Erlenmeyer, Sorkin, and Bloch, 1948; Knight and Tompsett, 1948; Williston and Youmans, 1949 ; Steenken and Wolinsky, 1949; Yegian and Vanderlinde, 1950; Mitchison, 1950a) . Nor does Tween 80 always potentiate the action of drugs against M. tuberculosis. Forrest, Hart, and Walker (1947) reported antagonism between Tween 80 and 5 amino-2-butoxypyridine. Other instances of antagonism have been reported (Suter et al., 1948; Eiseman, 1948; Youmans and Youmans, 1948) . Schraufstaitter (1950) (Schraufstatter, 1950) , and Bernard and Kreis (1951) report that several strains of M. tuberculosis were significantly different in sensitivity when tested by slide culture in blood medium and in serum-synthetic medium. Hirsch (1952) has drawn attention to the effect of medium composition upon the minimal bacteriostatic concentrations of mercuric chloride, o-phenanthroline, " irgafen," dihydrostreptomycin, and penicillin. The use of fluid culture media also avoids inspissation, which is reported to entail partial inactivation of streptomycin (Coletsos, Boisvert, and Oriot, 1950; Drummond, quoted by Youmans, Ibrahim, Sweany, and Sweany, 1950) . Nor can it be assumed that streptomycin incorporated into media will retain full activity indefinitely at incubator temperatures. Using solutions of 1,000 jg. /ml. at a pH between 3 and 7, Regna, Wasselle, and Solomons (1946) found no detectable loss at 280, but a decline by 33% in seven days at 500. Pyle (1947) found no loss in the activity of streptomycin in Herrold's medium held for seven weeks at 370, but Mitchison (1950b) reported losses amounting to 90 % in the course of six weeks. Using Dubos Tween medium and assaying supernatant fluid from cultures, Vennesland, Ebert, and Bloch (1947) found losses amounting to almost 90% in four weeks at 37°. The short incubation period needed-by slide cultures has therefore technical as well as clinical advantages.
Notwithstanding these considerations, there are two disadvantages which go far toward disqualifying slide cultures of sputum from routine use. Numerous positive sputa failed to give viable cultures. Contamination of glassware with toxic trace substances (Drea, 1942) , culture aeration, and age of material were carefully investigated without any clue being uncovered. Berry and Lowry (1949) (Beck and Yegian, 1952; Medlar, Bernstein, and Steward, 1952) . There is also evidence from other sources that 20 to 25% of sputa yielding scantily positive direct smears may yet fail to give positive results on culture or animal inoculation (Public Health Laboratory Service, 1952 ; Cruickshank, 1952) . The use of the method is also limited to sputa containing appreciable numbers of bacilli. Attempts at serial examination during treatment have failed because organisms became too scanty. This was noted as a practical disadvantage by Pugh et al. (1950) , and noted, though not rated a drawback, by Dissmann and Iglauer (1950a) .
From a more academic point of view, slide culture affords a potentially interesting approach to the general problem of bacterial sensitivity to drugs. Hitherto attention has been mainly devoted to attempts at determining, for each drug and organism, a single threshold concentration that would draw a sharp distinction between sensitive and resistant strains. Evidence from many sources (Alexander, 1949) (Pyle, 1947; Vennesland et al., 1947; Vanderlinde, 1948, 1950; Karlson and Needham, 1948; Fisher, 1948b; Yegian, Budd, and Vanderlinde, 1949; Mitchison, 1950b) . This view brings resistance to drugs into line with other biological qualities of bacteria (Chick, 1930; Gardner, 1931 ; Withell, 1942; Jordan and Jacobs, 1944) , and forms a link with the behaviour of other living orders (Finney, 1947) . Current macroscopic methods of testing the drug sensitivity of bacteria stress the modal value, but give little or no information concerning the scatter of values on either side. Jensen (1949) (Thompson, 1947) 
